This paper examines the capital structure implications of defined benefit corporate pension plans. The magnitude of the liabilities arising from these pension plans is substantial. We show that leverage ratios for firms with pension plans are about 35% higher when pension assets and liabilities are incorporated into the capital structure. We estimate that the tax shields from pension contributions are about a third of those from interest payments. Pension contributions have a modest effect in lowering firms' marginal corporate tax rates. Once pensions are considered, firms are less conservative in their choice of leverage than has been previously thought. We show that firms incorporate the magnitude of their pension assets and liabilities into their capital structure decisions.
Introduction
The bulk of capital structure research has focused on explaining the leverage choice as it is reported on the balance sheet. Yet companies have sizeable assets and liabilities that do not appear anywhere on the balance sheet, many of which are recorded in complex ways that obscures their economic reality. Perhaps nowhere is this distinction between on and off balance sheet items more relevant than when it comes to corporate pension plans. The aggregate value of defined benefit pension assets for US corporations is estimated at $2.2 trillion, an amount far greater than that of any other off-balance sheet item.
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With a few exceptions, the capital structure implications of corporate pension plans have been largely unexplored. Little attention has been paid to how recognizing pension assets and liabilities changes our measurement of corporate leverage and the impact of this measurement issue on tests of corporate capital structure. The importance of pension contributions as a source of tax shields and their effect on companies' marginal tax rates is largely unknown despite the central role that marginal tax rates play in corporate finance. We also do not understand how companies treat pension liabilities as a substitute for debt financing and the degree to which the observed capital structures of companies vary systematically according to the pension exposures faced by companies. We explore these issues in this paper.
We study all publicly traded firms on Compustat from 1991 to 2003. About a fourth of these firms have defined benefit pension plans where the pension liabilities are long term binding obligations and share many characteristics of financial debt. For example, contributions to pension plans are taxdeductible, much like interest expense on debt and failure to make mandatory contributions on the pension plans can trigger bankruptcy. For some companies, the magnitude of pension assets and liabilities is substantial. On average, pension plan assets are 16.4% of the book value of assets recorded on the balance sheet and represent 62% of the market value of the firm's equity though there is considerable variation across firms.
We examine the importance of pension assets and liabilities in the context of the overall capital structure of the firm. Though they reside in a separate legal trust, the assets and liabilities belong to the firm which is responsible for any shortfalls between promised benefits and the assets set aside to cover these benefits. As we elaborate below however, the economic impact of the pension plan depends on the total size of the plan and not just the degree by which a plan is under or overfunded at a particular point in time. Hence, we treat the pension plan as a fully owned subsidiary of the firm and calculate consolidated (pension and financial debt) leverage ratios. Our treatment of pension plans as fully-owned subsidiaries is consistent with findings in several studies that show that pension plan assets and liabilities are valued by the securities markets as corporate assets and liabilities. We show that the difference in balance sheet leverage ratios and consolidated leverage ratios is substantial. For Compustat firms with defined benefit plans, both book and market leverage are about one-third larger when calculated on a consolidated basis: average book leverage increases from 25% to 34%, while market leverage increases from 20% to 27%.
Taxes play a central role in corporate financing decisions and accurate measurement of the marginal tax rate is of importance in capital structure tests. Since pension contributions are tax deductible, they can be an important source of tax savings and in turn can affect the marginal tax rate a company faces in its debt financing decisions. In our sample, pension contributions amount on average, to 56% of the total interest expense reported by firms though the distribution is skewed by some very large pension plans.
The large size of some pension contributions implies that they have the potential to impact companies' marginal tax rate for debt financing. To evaluate the effect of pension contributions on tax shields, we conduct a detailed calculation of corporate marginal tax rates that includes the effects of pension contributions. With the recalculated marginal tax rates, we estimate the tax benefits of consolidated leverage are 31% higher than the tax benefits of financial debt alone. The tax savings from pension contributions account for 1.5% of the market value of the firm, on average. Importantly, we demonstrate that the existence of a pension plan significantly lowers the extent to which firms can afford to take on additional leverage from a tax perspective.
According to the tradeoff theory of capital structure, firms balance the benefits of debt such as those arising from tax shields against the costs of debt. Since pension contributions provide an important source of tax savings and potentially lower the tax advantages from debt financing, we should expect lower leverage ratios for firms with pension plans, all else equal. This is exactly what we observe. In a treatment effects model that incorporates the self-selectivity of pension plans and the endogeneity of pension liabilities, we estimate that a 1 percentage point increase in the pension liability to total assets ratio is associated with a 0.36 percentage point decrease in the debt to total assets ratio. This suggests that managers partially substitute pension-related deductions for interest deductions in capital structure decisions. However, the substitution effect between pensions and financial debt is not perfect, and we discuss several reasons for this partial substitution effect.
As an alternative to the treatment effects approach, we estimate the relation between pension liabilities and financial debt in a firm-fixed effects framework. Lemmon, Roberts, and Zender (2008) describe how coefficient estimates of most traditional determinants of capital structure drop considerably in fixed-effects models because most of the variability in capital structure appears to be time invariant. We show that pension liabilities remain a highly significant determinant of capital structure in a firm fixed-effects model. A variance decomposition of leverage also suggests that pension liabilities are an element of the time-invariant factors shown to be very important by Lemmon et. al (2008) .
Given the substitution between pensions and financial debt, we examine whether corporate pension plans help explain why firms appear to be underleveraged from a tax perspective. Graham (2000) shows that most firms are very conservative in their capital structure choice in that they operate on the flat segment of their tax benefit functions and far from the point where marginal tax benefit from debt starts declining (the "kink" in Graham's terminology) . This perceived inefficiency of capital structure from a tax perspective is particularly surprising, since taxes are "important" or "very important" to most of the CFOs surveyed by Graham and Harvey (2001) .
Using the distance of the kink from one as a measure of debt conservatism, we find that debt conservatism shrinks considerably in our framework. By our estimates, the gap between optimal leverage from a tax perspective and observed leverage shrinks by about one-third when pension plans are included, indicating that firms are less conservative in their capital structure decisions than has been previously thought. Further, the results offer an explanation for why capital structure seems most inefficient for large and profitable companies. For example, Graham (2000) notes that "the firms that use debt conservatively are large, profitable, liquid, in stable industries", and face low ex ante costs of distress. As we show, these characteristics are precisely the attributes of firms that have defined benefit plans, suggesting that the tax benefits of pension plans are at least one component of the explanation to the capital structure puzzle.
Our analysis contributes to at least four strands of literature. First, our results add to a recent literature illustrating the interdependence between various aspects of corporate financial policy and corporate pension plans. Petersen (1994) shows that defined contribution pension plans allow firms to vary contributions according to their cash flows, enabling them to lower their operating leverage. Rauh (2006a) shows how pension contributions can lead to financial constraints and affect the level of corporate investment. Frank (2002) finds a positive relationship between defined benefit plan asset allocation and the firms' tax benefits. Jin, Merton and Bodie (2006) find that investors recognize pension assets and liabilities and incorporate them in determining the cost of equity capital for these firms. Second, our paper adds the evidence on the role of taxes in corporate pension policy. Thomas (1988) finds that pension contributions are positively correlated with the sponsor's tax status and that firms with a low tax status are less likely to adopt defined benefit plans. Petersen (1992) shows that the decision to terminate a pension plan is driven partly by taxes, as terminations typically coincide with low tax years.
Both papers emphasize an important role for taxes in the management of corporate pension plans. Third, our results complement the literature on how off-balance sheet financing activities are affected by corporate tax considerations. Graham, Lemmon, and Schallheim (1998) study operating leases that are also not recorded on the balance sheet. They find that firms with lower tax rates employ operating leases more extensively, suggesting that tax shields are being transferred between the lessor and leesee. While leases are undoubtedly a very important source of off-balance sheet financing, pension obligations are typically of much larger magnitude. For example, at the beginning of 2005, off-balance sheet pension liabilities for S&P 500 firms stood at $1.26 trillion, compared to operating leases of $395 billion.
2 In related work, Graham and Tucker (2006) show that questionable tax shelters provide sizeable corporate tax deductions and firms tend to use less financial leverage when these shelters are in place. They note that these firms do not appear to be underlevered once their deductions from shelters are considered.
Finally, our findings add to a growing list of explanations for why companies appear to adopt seeming inefficient capital structures in light of the substantial tax benefits of debt. Faulkender and Petersen (2006) highlight the role of supply side constraints faced by lenders and Molina (2005) and Almeida and Philipon (2007) note the importance of measuring the ex ante probability of distress and credit spreads.
MacKie- Mason (1990) shows that depreciation and tax credits explain cross-sectional variation in capital structure and Schallheim and Wells (2006) find that they help explain why firms adopt conservative debt policies. Graham, Lang, and Shackelford (2004) show that tax deductions for employee stock options explain why high growth companies in the NASDAQ 100 use little debt. However, option deductions do not explain debt conservatism among S&P 100 firms that comprise mainly of lower-growth firms in traditional and stable industries. Since companies with pension plans fall exactly into this latter category, i.e. large and profitable companies in mature industries, our findings complement Graham, Lang, and Shackelford and provide an explanation why these companies appear substantially underleveraged. In this regard, our evidence points to corporate pensions as being one of the missing links in the capital structure debate.
The paper is organized as follows. Section 2 describes the features of pension plans. Section 3 discusses the role of pension plans in capital structure decisions. Section 4 describes the data used in the paper and section 5 details our refinement of marginal tax rates and estimates the tax benefits of pension plans. Section 6 examines the effect of pension liabilities on corporate financial policy. Section 7 reports robustness tests and section 8 concludes.
2 Source: Credit Suisse estimates.
Institutional features of pension plans

Description of pension plans
In the US, employers can choose between two types of retirement plans: a defined contribution plan (DCP) and a defined benefit plan (DBP). DBPs provide specific benefits to employees at retirement whereas DCPs specify only the amount of contributions to be made by the employer to the employee's retirement account. In a DCP, beyond the contribution, the employer has no obligation on any deficit between funds available in the employee's account and the employee's expectations. In a DBP, the employer promises to pay a certain level of benefits and therefore, bears all the investment risk. Under the Employment Retirement Income Security Act (ERISA 1974) , firms with defined benefit plans have a legal responsibility to fund the plan with assets sufficient to meet their pension obligations. Because there is no obligation beyond the initial contribution with defined contribution plans, this paper focuses on defined benefit plans. 3 Henceforth, any reference to pension plans in this paper refers to defined benefits plans (DBPs).
Tax considerations have been an important reason for the popularity of both DBPs and DCPs because company contributions are tax deductible and employee taxes are deferred. At retirement, employee income tax rates are usually lower than during their employment years. DBPs provide an additional tax benefit when plan assets are invested in bonds: since the full pre-tax return on plan assets is delivered to the corporation after payment of corporate taxes and then distributed to shareholders, interest income from bonds held by the plan is taxed at the lower, individual equity income rate.
DBPs create incentives for workers to remain with the firm since pension benefits are based on the years of service and final wage (Ippolito, 1985) . While firms have to comply with certain minimum pension contributions requirements, those with underfunded plans have some flexibility which allows them to make additional tax deductible contributions and build financial slack that can be used later against future required contributions if the firm becomes financially constrained.
In recent years, the advantages of defined benefit pension plans have diminished sharply for many companies and some are freezing or terminating their pension plans. 4 A driving force behind the shift from DBPs to DCPs has been an increase in the costs associated with DBPs. As new entrants in many industries have opted not to offer DBP plans, competitive pressures have led many companies to decrease pension benefits offered to new employees. Pension contributions have also increased due to a longer than anticipated life expectancy and lower mortality rates.
Pension accounting
The Financial Accounting Standards Board (FASB) mandates that pension assets and liabilities be recorded as off balance sheet items. Pension assets (PA) are measured by their fair market value while pension liabilities are calculated as the actuarial present value of the promised benefits for financial accounting purposes. This measure of the pension liability, also called the projected benefit obligation (PBO), views the company as a going concern and is calculated based on current service and future expected salaries. An alternative measure of pension liabilities is the accumulated benefit obligation (ABO) which reflects the present value of pension benefits based on current employee salaries.
The FASB also mandates that most of the relevant pension related items be disclosed in the footnotes of annual financial statements. The only pension related items recorded on the balance sheet are: (i) the extent to which pension contributions paid were above or less than the recorded pension expense (i.e. the prepaid or accrued pension cost), (ii) in the event of severe underfunding, an additional minimum liability (AML) occurs which is added to the accrued pension cost and offset by an increase in intangible assets and a charge to the book equity on the balance sheet. It is important to note that the AML is an accounting liability and does not reflect the actual pension contribution that firms are required to make.
In addition to these balance sheet amounts, the income statement is affected by the pension expense (also referred to as the pension cost) and the cash flow statement is affected by pension contributions. The rules governing the pension expense and the pension contribution differ. The pension expense is an accounting item intended to reflect a smoothed cost of servicing the pension plan whereas the pension contribution is determined by funding rules established by the Internal Revenue Code and ERISA.
In theory, companies should make contributions so that pension assets completely cover pension liabilities and record these contributions as a pension expense at the same time. In practice, such a strategy would create significant volatility in companies' reported earnings as the value of pension assets and liabilities, and hence the required contributions, fluctuate over time. To avoid this variability, accounting rules allow companies to adopt several pension cost smoothing mechanisms. Because of these smoothing techniques, it is not uncommon for companies to report pension income as part of their operating income when, in fact, the funding status of their pension plan has deteriorated. As an example, 
Funding requirements for pension plans
The pension expense, the amount recorded on the income statement, is not a tax-deductible item for companies. Instead, the actual pension contribution is tax deductible, provided that sponsoring companies meet certain funding requirements. Companies are required to make a minimum pension contribution each year but have discretion to make additional tax deductible contributions up to a certain level mandated by law. The contributions can be made either in cash, in stock, or in debt.
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The minimum required pension contribution depends on the funding status of the plan and equals the normal cost of the plan plus the level of underfunding amortized over 30 years. For the purpose of the minimum contribution, plan underfunding is defined as the difference between the present value of future benefits (PBO) minus plan assets (PA), using the expected return on assets as the discount rate. If the plan is severely underfunded, additional mandatory contributions are required. If pension assets are less than 90% of ABO, the plan may be liable for an additional contribution and the company must cover the underfunded amount over 3-5 years. Rauh (2006a) provides further discussion of these funding rules.
Within certain limits known as the full funding limitations (FFL), 6 companies can make contributions that are larger than the minimum required amounts which can be used to cover mandatory contributions in later years. Tax rules, however, set a limit to the amount of contribution that is tax deductible each year and contributions larger than this amount face an incremental excise tax. This creates the possibility that a firm may make contributions larger than the minimum required amount if the total contribution falls below the plan's annual tax deductible amount. Companies may have incentives to make additional tax deductible contributions when their marginal tax rate is high in order to maximize the tax benefits from pension contributions. In this regard, pension contributions differ from debt obligations where prepayment of debt does not normally provide an incremental tax shield. However, the tax benefits of additional contributions are limited by the tax rules and FFL constraints and GAO-05-294 notes that the maximum tax deductible limit often serves as a real constraint. Thus, the actual importance of this timing strategy and its impact on marginal tax rates is an empirical issue.
When a company fails to meet minimum funding requirements, the PBGC is empowered to recover the pension deficit by filing a claim against the company's assets. In this case, the PBGC claim has the most senior status in bankruptcy proceedings. However, if a company files for bankruptcy without a prior PBGC claim, the priority of the PBGC claim over pension contributions is less clear. The PBGC has maintained that its claims have most senior status, but courts have sometimes deviated from this view.
Some precedent legal rulings have upheld the most senior status of the PBGC claim related to the unfunded past service liabilities, but not for the current shortfall incurred during bankruptcy proceedings (and the prior 180 days). When courts have granted priority status for the current shortfall, they have often reduced that portion of the claim in proportion to the workforce reduction during the bankruptcy process. When any portion of the claim is not granted the most senior status, that portion is typically is treated with lower priority, at par with unsecured creditors. Thus, in some bankruptcy situations, the seniority of all or a portion of the pension funding requirement may not hold.
The FFL determines the maximum minimum contribution under a complex set of rules. From 1995-2002, FFL was the higher of (a) 90% of the current liability or the lower of (a) accrued plan liability or (b) 150-170% of the current plan liability. The maximum tax deductible contribution is based on a similar set of criteria. 7 The PBGC may initiate the termination of a pension plan if it determines that the plan has not met minimum funding requirements under §412 of the Internal Revenue Code, if the plan is unable to pay benefits when due, or if the expected loss to PBGC is larger if the plan is not terminated. If the PBGC files a lien prior to the company's filing for bankruptcy, then PBGC's claim is senior and must be satisfied in full before any distribution is made to unsecured creditors. If, however, the company has already filed for bankruptcy, PBGC asserts that the portion of its claim equal to the lien is an administrative expense as a tax incurred by the estate under 11 U.S.C. § §503(b)(1)(B), 507(a)(1) and 29 U.S.C. §1368(a), (c)(2) and has tax priority under 11 U.S.C. §507(a)(8). Any amount of PBGC's claim for unfunded benefit liabilities that is not entitled to priority is asserted as a general unsecured claim. In Columbia Packing Co (B.R. 205, EB Cases 1297, District of Massachussets, 1988) , the court upheld the senior status of past service liabilities, but courts have not done so in some other cases.
Disclosure
SFAS 87, issued in 1985, mandated that both the fair value of pension assets (PA) and the projected benefit obligation (PBO) be disclosed in the footnotes of annual financial statements. The accumulated benefit obligation (ABO) is disclosed only until 1998 when SFAS 132 required it to be disclosed only for severely underfunded plans along with the additional minimum liability (AML). Other relevant items disclosed in the pension footnote are the prepaid and accrued pension costs and also the pension expense (or pension cost). Total contributions made by employers became available from 1998 onwards.
Sponsoring companies are also required to file individual pension plan information with the Department of Labor and with the Internal Revenue Service through Form 5500. Both ABO and pension contributions are reported on these forms at the plan level and available to the public with a 2-3 year lag.
The major difficulty is that individual pension plans and the parent company are only linked through the EIN (employer identification number), resulting in a large number of plans that cannot be matched to the parent company.
The role of pension plans in corporate capital structure
Since pension plans are recorded as off-balance sheet items, it is not obvious how their assets and liabilities should be considered from a capital structure perspective. A common practice is to adopt a "netting" approach, where the underfunding of the pension plan is considered to be a liability that is added to balance sheet liabilities. This approach is usually the starting point for analyses conducted by banks and credit rating agencies who typically adjust a firm's leverage, interest, and cash flow coverage ratios to reflect the amount of underfunding or required pension contributions. The advantage of this approach is that it provides a simple comparison across firms with and without pension plans and reflects the immediate claim of the pension plan on the firm's cash flows and assets. The netting approach is common practice with banks for their loan performance monitoring process because it provides a convenient way to examine the impact on metrics on which bank loan covenants are based. The typical implementation of the netting approach only considers the level of underfunding, ignoring plans that are overfunded under the premise that excess pension assets may not be immediately available to satisfy unsecured liabilities in bankruptcy.
While the netting approach is a useful starting point, it has some important limitations if one seeks to understand how pension plans impact overall capital structure decisions. In particular, the underfunding in a given year reflects the plan's claim on cash flows for that year, but ignores the impact the plan may have in future years. All else equal, a large pension plan will face a higher level of underfunding than a small plan for an equivalent percentage decline in asset values and therefore creates more bankruptcy risk for the sponsoring company. This feature is not captured under the netting approach. Thus, considering only the underfunding of the pension plan masks the impact of the plan on corporate capital structure decisions.
The limitation of the netting approach is recognized by market participants, including credit rating agencies. FitchRatings (2007) Second, pension assets, though legally segregated, are akin to other corporate assets. Appreciations and depreciations in the value of pension assets accrue to shareholders in the form of smaller or larger contributions. Firms may be able to offer additional retirement benefits in exchange for lower increases in employee salaries, and use the resultant financial slack for reinvestment, dividends, share repurchases, or debt reduction. In some situations, companies also can access excess pension assets through plan terminations or conversions to cash balance plans (Petersen, 1992) .
Third, just as the choice between debt and equity affects a firm's cost of capital, so does its choice with respect to corporate pensions. This occurs because DBPs differ from other forms of employee compensation because they create an on-going liability for the firm. In this regard, DBP obligations are fundamentally different from DCP obligations and even employee salaries because they do not disappear if an employee leaves the firm. Companies facing financial distress may be able to preserve cash flow by terminating employees thereby saving on compensation expense and DCP payments, but obligations to pay accumulated DBP benefits remain. Jin, Merton and Bodie (2006) present clear evidence that both pension assets and liabilities affect a firm's cost of capital. They show that ignoring pension assets and liabilities introduces substantial errors into cost of capital estimation and significantly overstates the true cost of equity. For four large firms, they find an estimation error ranging from 32-139% for operating asset betas when pension assets and liabilities are ignored.
The consolidation approach has also been adopted by equity research analysts evaluating corporate balance sheets. For example, Credit Suisse (2007) advocates that the first step in adjusting financial ratios is to put the pension assets and the pension liabilities back on the balance sheet. Other studies suggest that the amount of pension assets and liabilities, not just the level of over-or underfunding in a given year, are relevant to investors. Carroll and Neihaus (1998) show that pension assets and liabilities affect firms' market values in a manner similar to regular assets and liabilities. Barth (1991) shows that investors view the fair market value of assets and PBO to exhibit less measurement error than the amounts recorded on the balance sheet. Coronado and Sharpe (2003) , and Franzoni and Marin (2006) show that the current level of plan underfunding is insufficient information for investors to understand the impact of pension plans for future earnings and cash flows.
However, there are also important differences between pension assets and liabilities and balance sheet assets and liabilities. If a plan is underfunded, a firm cannot access the pension assets to meet claims arising from general corporate liabilities. Additionally, pension liabilities may encourage risk-taking behavior because they are guaranteed by the PBGC and thus companies may not bear the full costs of imposing high risk on pension beneficiaries. Rauh (2009) however, shows that investment strategies of pension plans do not behave in this manner, but rather are chosen to minimize expected financial distress costs. A further complication arises from the degree to which the plan's asset allocation strategy seeks to
immunize asset values to changing values of liabilities. If the plan's investment policy is chosen to achieve full immunization, then changing market conditions would not alter the relative size of its pension assets and liabilities and our consolidation approach would overstate the financial risk of the company.
However, the historically large fluctuations in funding levels suggest that most plans are not fully immunized with respect to overall market conditions. Rauh (2008) shows that the investment strategies of pension plans manage to partially offset the value of pension liabilities of current employees, but that ultimately much of the variation in plan allocation strategies is difficult to explain. Thus, variations in asset allocation strategy potentially introduces noise in our consolidated leverage measure, just like variation in the mismatch of risk of balance sheet assets and liabilities introduces in most capital structure tests.
The reporting discretion under pension accounting rules and the off-balance sheet treatment of pensions also make pension liabilities an imperfect substitute for debt. Bergstresser, Desai, and Rauh (2006) show that managers tend to be more aggressive when changes to pension assumptions have a greater impact on reported earnings. The potential to manage earnings through pension plan assumptions gives firms a lever to avert some covenant violations on debt, a feature not present with debt obligations alone. Firms appear to care about reporting treatment and often structure financial transactions to keep liabilities off the balance sheet. Shevlin (1987) shows that that firms use off balance sheet R&D limited partnerships to avoid costs of bond covenant violations. Engel, Erickson, and Maydew (1999) find that firms incur substantial costs in order to manage their balance sheets when they reclassify debt into trust preferred stock. Thus, managers might not treat off-balance sheet pension liabilities as a perfect substitute for on-balance sheet debt liabilities.
Another distinction between interest payments and pension contributions arises from the flexibility of timing of pension contributions as noted earlier. 8 Within prescribed limits, firms have the ability to make additional tax-deductible contributions in high marginal tax states of the world to maximize the tax benefits. This strategy may lower the marginal rate on debt financing in which case the tax incentives to issue debt would be diminished. In this scenario, firms with pension plans may choose to have lower financial leverage, making them appear conservative in their capital structure on an unconsolidated basis.
Consolidating pension and financial debt alleviates but does not fully solve this issue because a pension sponsor would continue to appear more conservative on a consolidated basis than a non-sponsoring firm with only financial debt. We explore whether this tax timing option is likely to create bias in our tests.
Irrespective of whether firms make additional contributions to maximize the value of the timing option, the tax shield provided by pension contributions has the potential to explain why firms appear to adopt conservative leverage ratios from a tax perspective. The tax shield benefits of debt are generally considered to be large relative to the costs of debt financing, and this conservatism of debt policy is often thought to be puzzling. For example, Graham (2000) estimates that the typical firm could double its tax benefits by leveraging up to the point where the marginal tax benefit begins to decline. However, Graham (2000) does not consider the tax shields provided by pensions, which ought to increase the aggregate tax shield realized by firms, all else equal. At the same time, pension contributions may be timed to lower the marginal tax rate for debt financing, thereby lowering the tax benefits from debt. Thus, incorporating pensions into the capital structure has the potential to inform our view as to whether firms adopt overly conservative leverage ratios.
Data and leverage ratios
Data
We collect data on all firms covered by Compustat over the 1991 to 2003 period. While Compustat allows us to study a large sample, there are two areas where Compustat's pension data is deficient. The first relates to the netting of certain pension items on the balance sheet, which we describe below and is expected to have a minor, if any, effect on our results. Second, Compustat does not differentiate between domestic and foreign pension plans, just like it does not make this distinction for where the financial debt of a firm is raised. However, the actual tax liabilities of firms with foreign pension plans will be a function of the tax code of the foreign country, a distinction we do not capture in our tests. Two alternative sources of data that provide a finer description of pension plans are 10-K reports and Form 5500. These sources, however, significantly constrain the sample size we can use and also limit the accuracy with which we can identify pension assets and liabilities for some companies. The other advantage of using Compustat is that our adjustments can be easily implemented by future studies on capital structure using Compustat data. In section 7, we provide a discussion of these alternative data sources and the possible effect on our results.
We begin the sample in 1991 because that is the first year when pension cost data is available on
Compustat. We exclude utilities, financials, and firms with insufficient information to calculate leverage.
This yields 17,015 firm-year observations for plan sponsors and 60,127 firm-year observations for firms without pension plans. Untabulated results show that defined benefit plans are predominantly sponsored by large industrial companies such as automotive, construction, and materials manufacturers and are less prevalent in newer industries such as internet software and telecom services. While there has been a tendency towards plan terminations relative to the number of adoptions, the number of pension sponsoring companies is still very large. In our sample, the number of sponsoring firms peaks at 1,418 in 1996 and declines to 1,095 firms in 2003. As of 2003, almost two-thirds of the S&P 500 firms sponsor corporate pension plans.
The pension plans are large in relation to the sponsoring companies as shown in Table 1 . The aggregate ratio of plan assets to balance sheet assets cleansed of pension items averages 16.4% (with a median of 9.6%) over the sample period. The pension liability averages 31% (median of 19.2%) of the book value of debt. Calculated as a percentage of adjusted operating income (EBIT plus pension cost), pension contributions average 3.9%, while total interest payments on debt average 11.8%. The median ratio of contributions to adjusted EBIT is much smaller at 1.4%. The skewness in pension contributions arises because a few firms have very large pension plans and because contribution amounts tend to be higher in years following equity market declines due to mandatory funding requirements.
Reported versus consolidated leverage
We create consolidated balance sheets by integrating off balance sheet pension assets and liabilities with reported assets and liabilities. To do this, we first strip the reported balance sheet of items that include components of the pension plan. As described earlier, the vast majority of pension assets and liabilities are not on the balance sheet, but accounting rules require some items that reflect a small part of the pension plan to be included on the balance sheet. Therefore, we make the following adjustments to the balance sheet: (i) we subtract the prepaid pension cost or the accrued pension cost from total assets. 9 (ii)
we cleanse the balance sheet of the additional minimum liability (AML) charge for those firms with severely underfunded plans. As noted earlier, the AML is a liability mandated by FASB for severely underfunded plans reflecting the funding shortfall above the accrued pension cost (net of the prepaid amount) and is offset by an increase in intangible assets on the balance sheet. However, if the unrecognized prior service cost is below the AML, the difference is charged directly to equity. 10 Thus,
cleansing the balance sheet of the AML requires adjusting the book value of equity and deferred taxes.
For comparison, we also display leverage ratios using the "netting approach" where the difference between projected benefit obligations (PBO) and pension assets is added to long-term debt using the cleansed balance sheet.
In panel B of table 1, we provide an example of these adjustments using General Motors' 2001 balance sheet. GM sponsors a large pension plan, with pension assets that equal 23% of the company assets and pension liabilities that are about 28% of reported liabilities. The plan is severely underfunded and consequently, an AML adjustment is recorded on the balance sheet. While the balance sheet pension accounts show a pension deficit of only $3.3 billion (the net amount between prepaid and accrued pension cost), the pension plan is in fact underfunded by $12.6 billion. 11 Book leverage, measured as the ratio of long term debt and its current portion to assets, rises from 39% (unconsolidated) to 55% (consolidated) and a much more leveraged company emerges from the consolidated balance sheet. Due to the severe 9 If prepaid pension cost and accrued pension cost are available, both items are used to adjust the balance sheet. After 1998, companies are not required to separately present data on over and underfunded plans and Compustat reports only the netted amount. 10 The additional minimum liability (AML) is in practice combined with the accrued pension cost (net of the prepaid amount). Between 1998-2003, Compustat mislabels the net amount recognized on the balance sheet as the net prepaid (accrued) pension cost. In the calculation of this item, AML is offset by the intangible assets and the charge to book equity. To properly adjust the balance sheet, we separately subtract AML from current liabilities for this period. In addition, when the AML occurs, the charge to book equity is reported in the footnotes on a pretax basis. In practice, the charge to equity is taken on an after tax basis with the difference charged to deferred taxes. 11 The amounts described here are from GM's 2001 annual report. Compustat provides only the net value of the recognized asset or liability and the AML. In the empirical analysis that follows, we are constrained to using Compustat, and hence use the net amount of the recognized asset or liability in constructing the consolidated balance sheet. This has a very minor effect on the consolidated leverage ratio because the amounts are quite small relative to the size of pension liabilities. However, it is possible that this simplification creates a slight downward bias in our consolidated leverage ratio because we are ignoring a small asset and a small liability that are being netted out. However, there is no reason to expect that this netting of prepaid cost and accrued benefits creates systematic bias.
underfunding, even the netting approach illustrates that GM is more highly levered than its balance sheet ratios indicate, with a (netted) book leverage ratio of 46%.
We calculate leverage ratios on reported (balance sheet), consolidated (balance sheet and pension), and netted (balance sheet and net funding) amounts. We use two alternative definitions of leverage. We calculate Book D/A as the ratio of long term debt plus the current portion of long-term debt to the book value of assets. Book D/D+E is the ratio of long-term debt to book value of equity plus the book value of long term debt. Market D/A is the ratio of long term debt to the market value of assets. The market value of assets is defined as the book value of assets, minus book value of equity plus the market value of equity. Market D/D+E is the ratio of long-term debt to the market value of equity and long-term debt. For consolidated leverage, we treat the pension liability (PBO) as a long term liability and book equity is redefined as consolidated assets minus consolidated liabilities. For netted leverage we treat the difference between PBO and PA as a long term liability.
Reported and consolidated leverage ratios are shown in Table 2 Firms do not appear to be more levered if the netting approach is used instead of consolidation. Under the netting approach, all four leverage measures are relatively unchanged. This pattern is similar that found by Rauh (2008) who also observes small differences in leverage ratios under the netting approach using a slightly different methodology.
Marginal tax rates and the tax benefits of pensions
Effect of pensions on marginal corporate tax rates
Pension contributions are tax deductible and provide the sponsoring company with a potential lever to lower taxable income. The tax benefits of contributions are most valuable when the expected marginal tax rate is high. Thus, firms might make higher pension contributions in high tax states of the world, which in turn, may lower the tax incentives from debt financing. Therefore, a pension plan has the potential to affect the debt issuance decision because it can lower the company's marginal tax rate (MTR). Extent calculations of MTR ignore this discretion in the timing of pension contributions and thus may overstate companies' actual marginal tax rates.
We simulate marginal tax rates following Shevlin (1990) and Graham (1996a Graham ( , 1996b Graham ( , 2000 Graham ( , 2003 but modified for the tax treatment of pensions. Since sponsoring companies obtain tax deductions from both interest expenses and pension contributions, we sum these amounts to calculate the consolidated interest expense.
We calculate the marginal tax rate by simulating taxable income. Taxable income differs from accounting income due to several factors such as deferred taxes, stock options and tax credits (Hanlon, 2003) . The accounting treatment of pensions introduces an additional divergence between accounting and taxable income. Earnings before interest and taxes reflect the pension cost (or income) that is recorded on the income statement, but this expense differs from the pension contribution which is the tax-deductible amount. In general, EBIT as reported in the income statement overstates (understates) taxable income when the pension expense is below (above) the pension contribution. Therefore, we start the simulation by first adding back the pension cost (or income component) to EBIT.
Using the simulated taxable income cleansed of pension items, we simulate MTRs following Graham (1996) . Marginal tax rates are defined as the present value of the tax obligation from earning an extra dollar today. We account for the fact that taxes are not paid in all states of nature given the provisions for carrying losses backward or forward and incorporate the probability that taxes will be paid in the future into the simulation. To account for the tax deduction associated with pension contributions, we deduct from operating income the consolidated interest expense, calculated as the sum of interest and pension contributions.
Pension contributions are inferred from the balance sheet items recorded on Compustat. Using the accounting identity that relates contributions to pension expense and net prepaid cost, we calculate contributions as the pension expense (income) plus the change in net prepaid (accrued) pension cost (see Revsine et al, 2005) .
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We calculate consolidated interest expense, including the contribution, as a function of simulated taxable income. We follow Graham (2000) and assume that the interest coverage ratio is constant in profitable states of nature while the dollar interest expense is constant in unprofitable states but 12 An exception to inferring contributions in this manner arises if plans are acquired or split due to acquisitions or divestitures, in which case the calculated contribution may vary from the actual contribution due to certain accounting adjustments that are not fully disclosed, or if some plans are terminated during a year. As we describe below in section 7, based on hand collected data for S&P 100 firms, we find the extent of these discrepancies to be very minor. 13 We compare our calculated contributions to those in 10-K filings for the 1998-2003 period and find a close correspondence. For all firms with pension plans during this period, mean and median calculated and reported contributions are virtually identical. Slight differences exist at the tail of the distribution. For example, at the 95 th percentile, the calculated contribution is $150 million whereas 10-K data shows it to be $142 million. Corresponding figures for the 99 th percentile are $669 million and $772 million. One reason for the difference is that the 10-K amounts are reported according to the fiscal year of the individual pension plans which sometimes differ from the fiscal year of the sponsoring company. We use the calculated contributions instead of the 10-K amounts in order to be consistent with the data on interest expense which is also reported over the firm's fiscal year and because using 10-K amounts significantly curtails the available sample size. We obtain qualitatively similar results with both approaches for the subperiod where 10-K contribution amounts are available. implement this assumption using consolidated interest expense. This approach assumes that in unprofitable states, pension contributions remain at profitable state levels. This assumption creates the possibility that we overstate contributions in unprofitable states if firms were previously making additional contributions in profitable states but revert to the minimum required contributions in unprofitable states. We explore whether this potential timing of voluntary contributions in profitable states affects the MTR calculation. To do so, we need to know the mandatory pension contribution amounts in each year which is unavailable in Compustat. Therefore, we conduct a robustness check using a subsample of firms where we can compute mandatory contributions from Form 5500 for 1992-1998, following the procedure in Rauh (2006a) . Using this data, we modify the MTR simulation assuming that only mandatory contributions are made in unprofitable states. For this subsample, we obtain identical MTR estimates if we assume firms only make mandatory payments when unprofitable, suggesting that our assumption does not create bias in our MTR estimates.
Appendix 1 describes the simulation of MTRs in detail. We develop three measures of the marginal tax rate: MTR NONE is calculated before any interest or pension deductions, MTR INT is calculated after interest payments, and MTR ALL is calculated after consolidated interest expense. By comparing MTR INT to MTR ALL , one can observe the effect of pension contributions on marginal tax rates. Table 2 reports the estimates for marginal tax rates in our sample. Firms with pension plans have higher average pre-financing marginal tax rates (32.6%) than those without a pension plan (24.7%), indicating that pension sponsoring firms stand more to gain by incurring additional debt or pension liabilities. Considering only the impact of debt financing on MTR, we find that MTR INT drops by 2.5 percentage points (32.6%-30.1%) for firms with pension plans and by 2.9 percentage points (24.7%-21.8%) for firms without pension plans. Incorporating pensions, we find that firms with a plan experience a further drop of 0.5% in MTR. Thus, the cumulative impact of pensions and debt financing on MTR is of comparable magnitude for firms with and without pension plans.
However, MTR after both pensions and debt financing (MTR ALL ) remains much higher for firms with a pension plan, despite the fact that these firms have higher financial leverage. This reflects the fact that firms with pension plans are large, mature, and profitable companies with substantial debt capacity as shown in Table 2 . Despite the fact that these companies make pension contributions, the contributions are not large enough to have a material impact on the MTR. This suggests that these firms operate with very conservative capital structures, so that even when pension contributions are included, the contributions are not sufficient to move them onto the declining part of the marginal tax curve. Thus, debt conservatism cannot be attributed entirely to the tax effects of pension plans.
We use the simulated marginal tax rates to explore debt conservatism by calculating tax benefit functions. Graham (2000) quantifies the tax advantage of debt for each firm by defining the tax benefit function as a series of marginal tax rates, each corresponding to a specific level of interest deductions. If firms balance the tax benefits of debt against the cost of financial distress, firms should operate on the downward sloping part of their tax benefit functions. Like Graham (2000) , we define the point where the MTR function starts declining as the "kink". The kink is calculated as the ratio of the amount of interest required to make the tax function slope downward relative to the firm's actual interest expense. When the kink equals one, the firm is exactly at the point where its marginal tax rate starts declining. A kink greater than one implies that the firm operates on the flat segment of the tax benefit curve and can obtain a tax shield equal to the statutory tax rate for an additional dollar of interest expense. Thus, how far the kink is from one is a measure of how conservative a firm is about its debt policy with respect to taxes. In the discussion below, we measure the degree of debt conservatism as the kink minus 1. Graham (2000) documents an average kink of 2.35 for Compustat firms between 1980 and 1994. This indicates that a typical firm could incur substantially more leverage before the tax benefit function starts declining, suggesting a high degree of debt conservatism.
Debt policy appears less conservative once pension liabilities are accounted for. When only interest expenses are considered, the average kink for pension sponsors is 2.03. In other words, pension sponsors could increase interest expense by 103% and still enjoy the full tax shield from debt in all states of the world. This indicates that firms with pension plans, despite their higher leverage ratios, are substantially underlevered because a doubling of the interest expense is required before their marginal tax rate starts declining. However, once pension contributions are considered, average kink declines to 1.72, implying that incurring 72% more interest payments would put the firm on the declining segment of the marginal tax curve. Thus, debt conservatism drops from 1.03 to 0.72, or by 30% ((1.72-1)-(2.03-1)/(2.03-1) = -0.30). Since pension contributions have a minor effect on MTR, the bulk of the reduced conservatism comes from the pension contribution amounts which reduce the potential tax benefits from additional debt, thereby resulting in a leverage choice that appears less conservative than if pensions are ignored.
To understand whether the 30% reduction in debt conservatism from pension contributions is meaningful, we compare it to the evidence on the importance of stock option plans. Graham, Lang and Shackelford (2004) study S&P 100 and NASDAQ 100 firms and find that for these firms, incorporating the tax deductions associated with stock option expenses lowers the kink from 5 to 4. This implies that debt conservatism drops from 4 to 3, a reduction of 25% ((4-1)-(5-1))/(5-1)= -0.25). For a more direct comparison, we also calculate the kink for the 54 plan sponsors included in the S&P 100 in 2003 and find that for these firms, including pension contributions lowers the kink from 3.47 to 2.71, corresponding to a reduction in debt conservatism from 2.47 to 1.71, or about 31%. Thus, pension contributions are at least as important as stock options in explaining debt conservatism. While the Graham et al (2004) explanation for debt conservatism is most applicable to younger, growth firms, our explanation is more relevant for large and mature companies that are the typical sponsors of pension plans.
It is striking that firms without pension plans display very little evidence of debt conservatism, as the average kink for these firms is close to 1. This suggests that much of the debt conservatism documented in the literature comes from firms with pension plans, even though we find that these firms actually have higher leverage than non-sponsors, as shown in Table 2 . This occurs because plan sponsors have vastly different financial characteristics that endow these firms with much larger debt capacity. Graham (2000) shows that debt capacity, measured by kink, is positively related to firm size, profitability, Z score, and growth opportunities. Pension sponsoring firms share many of these firm attributes -they are larger, have higher operating cash flows, lower volatility of cash flows, higher Z scores, and higher credit ratings. In untabulated tests, we confirm that in our sample all of these attributes are associated with a higher kink indicating that leverage alone is an insufficient statistic to judge debt conservatism.
Our finding that firms with pension plans are where much of the answer to debt conservatism lies might seem surprising in light of recent high profile bankruptcies of pension sponsoring firms such as Delta Airlines, Northwest Airlines, and Bethlehem Steel. However, inspection of bankruptcy frequencies does not suggest that plan sponsors declare bankruptcy more often than non-sponsors. Using data from the UCLA Bankruptcy Research Database which contains data on all filings under the US Bankruptcy Code for firms with assets exceeding $100 million we find that over the 1991-2003 period, 1.2% of all pension sponsors in the Compustat universe filed for bankruptcy during this period, compared to 1.5% of non-sponsoring firms that declared bankruptcy. The lower incidence of bankruptcy filings for pension sponsors is consistent with the higher credit ratings for these firms shown in Table 2 . Thus, the few high profile bankruptcies of plan sponsoring firms do not appear to be representative of the bankruptcy risk of the typical plan sponsor.
Tax benefits of pension contributions
The modest effect of pensions on average marginal tax rates implies that the tax benefits of pension contributions ought to be large. To explore this, we now quantify the tax benefits. We calculate the tax benefits of financial debt and consolidated debt by integrating the area below the benefit function up to the point of the consolidated interest expense. The present value of tax benefits from current and future deductions is calculated under the assumption that tax shields are perpetual, using Moody's average bond yield as the discount rate. Table 3 shows that the average ratio of consolidated interest expense (pension contributions and interest) to interest expense is 1.56, indicating that pension contributions are a very important source of deductions for some firms with pension plans. The average ratio of the tax benefit including pensions to the tax benefit from debt alone is 1.31, implying that the average tax benefit of pensions is almost onethird of that of financial debt. These effects appear to be driven by firms with very large plans since the medians of both ratios are close to one. To see the impact of pension contributions in terms of the size of the sponsoring firm, we calculate the capitalized tax benefits as a percentage of firm value. On average, tax savings associated with pensions amount to 2.1% of book assets (14.9%-12.8%) and 1.5% of the market value (11.4% -9.9%) of the firm.
Due to the skewness in the distribution of pension contributions, the average effects documented above mask a larger impact for firms that have a large pension plan. As we describe in section 6 below, both the incidence and the size of the pension plan are systematically related to firm characteristics. Therefore, by ignoring pension liabilities, capital structure tests face the possibility of introducing bias which is likely to be more severe for firms that sponsor large pension plans.
To examine this possibility, Table 4 reports the MTRs, tax benefits, and debt conservatism according to the size of the pension plan, with decile 1 representing the smallest plans and decile 10 representing the largest plans. The first three columns show that the effect of incorporating pensions into the MTR is much greater for firms with large plans. Firms in the largest decile have a drop in MTR of 1.3% compared to only 0.1% for firms in the smallest decile. The implication of this pattern is that by ignoring pensions, the standard calculation for the marginal tax benefit of incremental debt is overstated for firms with large pension plans. The following 3 columns show that when the tax deduction for the pension contribution is considered, the total tax benefit from consolidated interest (including pension contributions) is higher than the tax benefit from interest expense. Highlighting the importance of considering both the pension contribution and its effect on MTR, the difference in tax benefits is much larger for firms with bigger pension plans.
The size of the pension plan also affects the degree to which firms are conservative on debt policy.
Although the relation between the kink and plan size is not monotonic, firms with large plans operate much closer to a kink of 1 than firms with small plans. Once pensions are considered, debt conservatism drops by 72% (0.34/(1.47-1)) for firms in the largest decile of plan size, but by only 4.3% (0.04/(1.83-1)) for the smallest decile.
Relation between the pension liabilities and balance sheet debt
We now examine the relationship between pension liabilities and financial debt. In the tradeoff theory framework, firms set target capital structures by balancing the costs against the benefits of their debt obligations. Pension liabilities and financial debt both provide tax incentives and impact the probability of financial distress. Companies sponsoring pension plans should therefore have lower financial debt, all else equal. As noted earlier, however, pension liabilities and debt are unlikely to be perfect substitutes because of the PBGC insurance, the off-balance treatment of pensions, and the tax timing option with contributions.
Econometric model
We test whether firms with pension liabilities employ less financial debt, but need to address the endogeneity of pension liabilities. We do so by employing three equations. First, we see how firms selfselect into becoming pension plan sponsors. Conditional on being a plan sponsor, we estimate the amount of pension liabilities. The predicted value of pension liabilities is then used in a regression for the use of financial leverage. Thus, we employ the following model: The net benefit of sponsoring a pension plan is unobservable and therefore the selection equation cannot be estimated directly. However, firms become sponsors when the net benefit is positive and choose not to become sponsors when the net benefit is negative, a binary choice that is observable.
Consequently, we define DBP as equal to one when a pension plan exists and zero otherwise.
The estimation is conducted as follows. In the first stage, we jointly estimate the net benefit of sponsoring a DBP and the size of pension benefits in a self selection model framework, using maximum likelihood estimation. The set of independent variables X 1 and Z 1 are separated out based on their inclusion in the pension benefit equation. Z 1 is a vector of identification variables in the selection equation, whereas X 1 is a vector of independent variables used in both the selection and the pension benefit size equation. Fitted values of pension benefits are, therefore, derived from a selectivity-bias corrected pension benefit equation. In the second stage, we jointly estimate the net benefits of being a pension plan sponsor and the amount of financial debt on the balance sheet in a treatment effects model, using predicted pension benefits instead of actual pension liability. The variable LEV is modeled as a function of the binary choice DBP, the predicted level of the pension obligation PENSION, and the observed variables X 3 .
This methodology corresponds to the two-stage least squares (2SLS) technique to correct for endogeneity, with the addition of the self selection adjustment. As in the case of the 2SLS, this procedure generates incorrect estimates of the variance-covariance matrix because the estimate of the error term variance is computed using residuals calculated with estimated rather than actual values of the endogenous variables. To correct for the potential correlation of residuals across firms and across time, we use bootstrapped standard errors.
Variables used
We begin by describing the variables we use in the pension selection and the benefits equations. We expect a number of variables to be associated with both the likelihood that a firm offers a pension plan and the size of the benefits. Our estimation of the pension selection decision includes variables that are associated with the decision to sponsor a plan. For identification purposes, we require an instrument that is uncorrelated with the size of the pension liability (Z 1 ). To identify the pension liability equation, we also need to include a subset of variables that only affect the size of pension liabilities (Z 2 ) and not financial debt.
We expect that the decision to offer a pension plan and the size of the pension benefits will be related to the need for employees to invest in firm-specific human capital. Ippolito (1985) finds that defined benefit plans create strong incentives for workers to remain with the firm because they suffer wealth losses if they quit early. Mitchell (1982) and Schiller and Weiss (1980) show that sponsoring firms have lower employee turnover. Thus, industries requiring firm-specific human capital investment in employees are likely to offer pension plans to encourage lower employee turnover. Therefore, we use the median employee tenure (TENURE) for firms in the same 2-digit industry to explain the pension decision and pension size. Petersen (1994) finds that the financial characteristics of the sponsor influence the type of pension plan offered by the company. Due to minimum contribution requirements, firms with more volatile cash flows are less likely to offer retirement benefits to employees. Therefore, both the level and volatility of the firm's profitability are expected to affect the decision to sponsor a plan and the amount of pension benefits offered to employees. Accordingly, we include the ratio of pre-tax operating income to assets (ROA) and its standard deviation over the past 10 years (ROA VOL) in the pension selection and size equations. Pension plans also entail potential financial distress costs due to the minimum contribution requirements, suggesting that firms with higher financial distress costs ought to be less likely to offer pension benefits. Since financial distress is more costly for high growth firms, we use the market to book ratio (MB) as a proxy for growth opportunities in predicting pension plan choice and size.
Controlling for self-selection requires variation in the pension choice decision that is independent of pension size or financial leverage. Since we use a probit model to estimate the pension plan decision, one source of identification comes from the nonlinearity introduced by maximum likelihood estimation that contributes to the isolation of the pension choice variable from pension size and financial leverage (Heckman and Navarro-Lozano, 2004) . To provide an additional layer of identification, we add the degree of unionization of the industry (UNION), measured as the percentage of unionized workers in an industry, as an instrument in the pension selection equation (Z 1 variable in the model). An organized labor force is likely to have substantial negotiation power over the adoption of a pension plan and may be able to hinder the termination of the plan. However, the percentage of unionized workers in an industry should be uncorrelated to the size of pension benefits.
14 We collect data on unionization from annual issues of the Current Population Survey by the Department of Labor which provides the percentage of the workforce in an industry employed by unions. We note that a potential concern with using industry unionization as an instrument for the pension choice decision is the possibility that it is correlated with leverage. Perotti and Spier (1993) and Matsa (2009) argue that capital structure is used as a bargaining tool in unionized firms, raising the prospect of such a correlation. In our sample, however, we find industry-level unionization to be uncorrelated with financial leverage.
To identify the pension benefits equation, we use PLAN AGE as an instrument. Older plans are likely to have accumulated more pension benefits, and therefore we expect that this variable is positively correlated with pension plan size. We measure PLAN AGE by the number of years with pension data on
Compustat. We do not have any a priori reason to expect that the age of the plan would be correlated with leverage. To reflect the overall shift away from defined benefits plans to defined contribution plans, we estimate both the pension selection and size equations with year fixed effects.
Estimates from the pension choice model are shown in column (1) of Table 5 . As expected, firms are more likely to have a pension plan when they are large and in more unionized industries. Higher profitability, low market to book ratios, high tangible assets, and higher earnings volatility are also positively associated with the incidence of pension plans. Thus, many of the variables commonly thought of as affecting capital structure are linked to the decision to sponsor a pension plan. Column (2) shows that the size of pension liabilities is increasing in the age of the plan and the median tenure of employees in the industry. Surprisingly, the size of pension benefits is negatively related to profitability. Therefore, while sponsoring companies are more profitable on average, those with large pension plans are less profitable. This may be because large contributions constrain firms from pursuing their optimal investment policy, as is suggested by Rauh (2006a) .
We use these estimates to calculate the predicted value of pension liabilities. The treatment effects model measures the effect of pension obligations on financial leverage. In addition to the pension choice variable, DBP, and the predicted pension liability, P ENSION , we include several other control variables. Following Rajan and Zingales (1995) , Graham (1996a) , and Frank and Goyal (2007) , these variables include the marginal tax rate before financing activities (MTR NONE ), firm size (LOG ASSETS), the market to book ratio (MB), the probability of financial distress (ZSCORE), an indicator for negative book equity (OENEG), operating profit volatility (ROA VOL), the ratio of tangible to total assets (COLLATERAL), and the median industry leverage ratio (IND.
MEDIAN LEV).
The results of the treatment effects model are shown in column (1) of Table 6 . We find that the coefficient on pension liabilities is -0.36 and significant at the 1% level. Thus, firms appear to adjust their leverage ratios downwards in the presence of pension liabilities. This finding indicates that observed leverage ratios are affected by the size of firms' pension obligations. The estimated coefficient on pension liabilities is less than 1, implying that managers only partially substitute debt for pension obligations. As noted earlier, this partial substitution could arise for any of the reasons that make financial debt and pension obligations less than perfect substitutes.
Diagnostic tests suggest that the treatment effects model appears to be an appropriate specification, with evidence that controlling for self-selection is important. The Hausman test for exogeneity of pension liabilities with respect to leverage is rejected. PLAN AGE and TENURE also serve as valid instruments in the pension choice equation using the Yogo (2002, 2005) test for weak identification.
One concern with the 2SLS framework is its sensitivity to the choice of instrumental variables as shown by Coles, Lemmon and Meschke (2007) . As an alternative to the treatment effects model, column (2) of Table 6 presents results OLS regression results using the actual pension liability instead of its predicted value. This specification also suggests partial substitution between pension liabilities and debt.
The coefficient on pension liabilities is -0.39 in this specification, qualitatively similar to the estimate from the treatment model. A difference between the two models, however, is that the OLS specification suggests that firms with pension plans are more levered, whereas this result does not hold in the treatment model because that model controls for the self selectivity of firms offering pension plans.
Recently, Lemmon, Roberts, and Zender (2008) have argued that most traditional tests of capital structure that use pooled OLS regressions are misspecified due to unobserved time invariant factors that are correlated with leverage. Specifically, they show that pooled OLS estimates tend to be of much larger magnitude than estimates from firm fixed effects models. To evaluate this concern, column (3) also displays a firm fixed effects model that includes year fixed effects. We find that the coefficient for pension liabilities remains negative and significant, with a point estimate of -0.25. While the coefficient on pension liabilities drops in the fixed effects framework, the drop is much smaller than the typical 60-80% reduction in point estimates for most other determinants of leverage observed by Lemmon et. al.
To further understand how pension plans affect leverage, we conduct an analysis of covariance and decompose the variation in leverage attributable to different factors. Lemmon et. al. (2008) show that most of the variation in capital structure arises from time-invariant factors rather than from temporal variation in capital structure determinants. Since pension plans tend to be in place for long periods of time, they are a candidate for such a time-invariant factor. To evaluate this, we deconstruct the variation in leverage due to different factors, closely following the methodology in Lemmon et. al. (2008) . Column (3) of Table 7 shows that traditional determinants of capital structure including industry fixed effects yield an R 2 of 0.42. Adding firm fixed effects in column (4) increases the R 2 to 0.74. When we add pension liabilities to the list of capital structure variables in column (5), the R 2 rises to 0.47. Thus, pension liabilities appear to account for about 16% ((0.47-0.42)/(0.74-0.42)) of the firm fixed effect, implying that pensions may be one of the time-invariant factors shown to be important by Lemmon et. al.
Robustness checks
Our analysis relies on Compustat where the prepaid pension cost, accrued liability, and intangible assets are disclosed as net amounts. This may introduce measurement error (though probably not bias)
into the consolidated leverage ratio calculation. Compustat also does not separate out foreign pension plans that are subject to foreign regulations which may differ from ERISA. Calculated contribution amounts may also differ slightly from actual contributions due to acquisition or termination related adjustments. To examine these issues, we hand collect pension data for S&P 100 index constituents in 2003. These very large firms are more likely to have foreign plans and are more likely to acquire firms.
Thus, this sample should provide an upper bound on the measurement issues arising from Compustat.
Eighty-five of the S&P 100 companies sponsor defined benefit plans, and 25 of them have foreign pension plans. We compare Compustat data for these 85 sponsoring firms with data from two alternative data sources. The first is the 10-K footnote disclosure on defined benefit plans which details the balance sheet recognized amounts and foreign pension plans. This source yields an average consolidated book leverage ratio that is 1% higher than when using Compustat, but the consolidated market leverage ratio is
unchanged.
An alternative data source is Form 5500, which is filed with the Department of Labor by each sponsor for each individual pension plan. However, using this data requires consolidating each plan (and identifying each fiscal year that contributions are applied to) to the sponsoring company, a task hindered by the lack of a common identifier between Compustat and Form 5500. 15 For the subsample of 85 S&P 100 firms for which hand-collected data from 10-K filings, we are able to match only 58 companies from Form 5500 filings. For this subset of firms, the aggregated contribution amounts are statistically different from those obtained from 10-K filings, either because these forms are unavailable for all plans or because the lack of identifiers causes us to miss some individual plans in the consolidation process. More importantly, we are unable to rely exclusively on Form 5500 data for our analysis because the component of the pension cost or income that would correspond to these plans is not disclosed, and thus an important component for the calculation of MTRs is lacking.
Conclusion
We study the capital structure implications of defined benefit pension plans using a comprehensive sample of US companies. We show that firms are substantially more levered when their pension assets and liabilities are brought back on the balance sheet highlighting that the reported leverage ratios of companies can vary significantly from their economic indebtedness.
Pension contributions affect marginal corporate tax rates, primarily for firms with large plans. Since these contributions lower the marginal tax rate, estimates of interest tax shields that ignore pensions overestimate the incremental tax benefits from debt financing. At the same time, pension contributions themselves provide sizeable tax benefits. We estimate that the average value of tax shields from pension contributions is about one-third as large as the value of interest tax shields for firms with defined benefit pension plans. On average, the tax benefits from pensions account for about 1.5% of the value of the firm.
There has been significant attention paid to why firms appear to adopt conservative financial policies and do not lever up to the point when their marginal tax curve starts declining. Incorporating pensions shows that firms appear to follow less conservative financial policies, primarily because pension contributions can be large and provide a source of valuable tax shields. The conservatism of debt policy, as measured by the distance of the kink from one, declines by about 30% for firms with pension plans.
Thus, the existence of pension plans appears to explain a significant part of debt conservatism, though it is clearly not the whole story. In this regard, our findings complement the existing explanations for debt conservatism that have been studied in the literature. 15 Since 1998, Form 5500 is linked to Compustat only through the EIN (employer identification number). The sponsoring entity could be a controlled subsidiary choosing to file taxes separately from the parent (therefore having a different EIN). Subsidiaries that are at least 80% owned by the parent have the option to file for taxes separately, while remaining consolidated with the parent company for financial purposes. Another complication arises when the company's plan year differs from its fiscal year. Bodie (1990) and Rauh (2006a) provide a detailed comparison of reporting under Form 5500 and the 10-K filings on which Compustat data is based.
Finally, we show that firms consider their pension assets and liabilities in determining their leverage ratios. We show that a 1 percentage point increase in the pension liability to total assets ratio is associated with a 0.36 percentage points decrease in the leverage ratio. Thus, ignoring pension plans in capital structure tests runs the risk of introducing bias, since the existence and size of pension plans is systematically related to firm characteristics.
Appendix 1 Estimation of the corporate marginal tax rate
Marginal tax rates are simulated following the methodology of Shevlin (1990) and Graham (2000) .
The marginal tax rate (MTR) is defined as the present value of the tax obligation from earning an extra dollar today. The calculation requires the estimation of the taxable income for the current year and also for all future years the tax loss carryforwards are permitted by the tax code.
Taxable income is first estimated from Compustat as earnings before interest and taxes. We adjust earnings for the tax treatment of pensions by adding back the reported pension cost (income). To account for operating leases we include one-third of the rental expense, the estimated proportion of the rental payment that is not due to depreciation following Graham et. al (1998) . We also incorporate extraordinary or discontinued items and subtract the deferred tax expense. The latter term is divided by the appropriate statutory tax rate so that it is expressed on a pre-tax basis.
We forecast taxable income based on the assumption that earnings follow a random walk with drift.
We update means and variances every year on a rolling historical basis. We calculate the present value of the tax bill based on the progressive nature of the corporate tax schedule, using as a discount rate the average corporate bond yield. Carryback tax losses are not discounted provided that interest is not paid on any tax refunds. Next, we add $10,000 to current year income and recalculate the tax liability. The difference between the two tax bills represents the present value of an additional dollar earned, which is the marginal tax rate.
To incorporate the uncertainty of earnings, we repeat the simulation procedure 50 times, based on a new forecast of the taxable income. The expected MTR is calculated as the average MTR over all simulations for each individual firm-year. This is the firm marginal tax rate in the absence of financing (debt or pension), which we denote in the paper by MTR NONE .
In order to identify the tax benefit function we repeat the simulation for different levels of the interest expense. Following Graham (2000), we assume that the interest coverage ratio beyond the current year is constant at the current year value in profitable states, but we maintain current year dollar interest expense in unprofitable states.
Along the curve, we identify MTR INT which is the marginal tax rate corresponding to current level of debt financing (excluding pensions) and also the MTR ALL calculated after all financing (debt and pensions).
Figure 1 Aggregate level of pension funding
This figure shows the aggregate level of pension funding as the difference between aggregate pension assets and liabilities versus net balance sheet recognized amounts. The pension liability as measured by the projected benefit obligation and the fair value of assets are both disclosed in the footnotes of the financial statements. Until 1998, sponsoring companies were required to disclose separately information for underfunded and overfunded plans, and therefore we aggregate the information. The net amount recognized on the balance sheet is the sum between the accrued pension liability, the prepaid pension liability, additional minimum liability, the charge to book equity and the intangible asset.
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Panel A: Firms reporting pension assets and liabilities
The sample includes all Compustat firms reporting pension assets and liabilities in the footnotes of the annual financial statements, from 1991 to 2003 and where data is available to calculate leverage ratios. The pension liability as measured by the projected benefit obligation, the fair value of assets and the pension cost are disclosed in Compustat. Contributions are estimated as the pension cost plus the change in the net prepaid pension cost (excluding the additional minimum liability) that is recognized on the balance sheet. Total book debt is calculated as book assets minus book equity. Adjusted operating income (EBIT) is the operating income plus the pension cost. This table shows the impact of pension plan assets and liabilities on the balance sheet based on consolidated and netted adjustments. For consolidated leverage, pension assets and liabilities are treated as corporate assets and long term liabilities. For netted leverage, the net pension liability is treated as long term debt. All pension related items are removed from the balance sheet before adjustments are made. The prepaid pension cost is the cumulative employer contribution in excess of the accrued net pension cost. The accrued pension cost is the pension cost in excess of the employer contribution. The AML is the funding shortfall above the accrued pension cost (net of the prepaid amount) for severely underfunded plans. When AML occurs, an intangible asset, a charge to book equity (after tax) and a deferred tax adjustment is created. Book (Market) D/A is the ratio between long term debt and the book (market) value of assets. Long term debt is calculated as the amount of debt obligations due more than one year in the future plus the current portion of the long term debt. We calculate the market value of assets as book assets minus book equity plus market equity. 
Table 2 Sample characteristics of pension sponsors versus non-sponsors
This table partitions the sample into pension sponsors and non-sponsors. Book (Market) D/A is ratio between long term debt and the book (market) value of assets. Long term debt is calculated as the amount of long term debt plus the current portion of the long term debt. We calculate the market value of assets as book assets minus book equity plus market equity. Book (Market) D/(D+E) is long term debt divided by long term debt plus book (market) value of equity. MTR NONE is the marginal tax rate before interest or pension contributions. MTR INT is the marginal tax rate after the interest expense deduction. MTR ALL is the marginal tax rate after both interest expense and pension contribution deductions. KINK INT is calculated based on the interest on debt and represents the proportion by which interest can be increased before the marginal tax benefit function becomes downward sloping. KINK ALL is the kink calculated based on both interest deductions and pension contributions. ASSETS are book assets. MB is the ratio between total debt plus market value of equity, and book assets. ROA is the operating income before depreciation divided by book assets. ROA VOL is the standard deviation of the historical operating income over the prior 10 years. COLLATERAL is net PPE divided by book assets. ZSCORE is defined as 3.3*Pre-Tax Income + Sales +1.4*Retained earnings +1.2*(current assets-current liabilities) / Book assets. OENEG is a dummy equal to 1 if the book equity is negative. DIVIDEND PAYER is a dummy equal to 1 if the company paid common dividends in the prior year. IND MED LEV is the industry median book leverage. Industry is defined at the 4 digit SIC level. RATING is the S&P Long Term Issuer credit rating (1 for the lowest rated and 19 for the highest rated). ***, **, * denote significance at the 0.1%, 1% and 5% levels. This table reports the tax benefits from interest expense and pension contributions. The total tax benefits from consolidated debt (including pensions) is equal to the area under each firm's gross tax benefit function up to the actual aggregate interest expense. The aggregate (consolidated) interest expense is calculated as the sum of the regular interest expense and the pension contribution. Tax benefits from debt (excluding pensions) are calculated ignoring the tax deductibility of the pension contribution. The present value (PV) of tax benefits from current and future deductions is calculated under the assumption that tax shields are perpetual, using Moody's average bond yield as a discount rate. MV represents the market value of the firm and TA represents its book value of assets. The kink is the amount of interest where the marginal tax benefit function becomes downward sloping, expressed as a percentage of actual aggregate interest deductions. The table reports the effect of the relative size of the pension plan on debt conservatism once the pension plan is integrated in the calculation of MTRs. PA/TA is the relative size of pension assets to book assets. MTR INT is the marginal tax rate after the interest expense is deducted. MTR ALL is the marginal tax rate after both interest expense and pension contribution deductions. Tax benefits without pensions are calculated without accounting for the tax deductibility of the pension contribution. KINK INT is calculated based on the interest on debt only and represents the proportion by which interest can be increased before the marginal tax benefit function becomes downward sloping. KINK ALL is the kink calculated based on both interest expense on debt and pension contributions. The change in debt conservatism is calculated as the difference between (KINK ALL -1) and (KINK INT -1). The percentage change in debt conservatism is defined as the change in debt conservatism divided by (KINK INT -1 This table reports the results of the joint MLE estimation of the pension choice and size, within the framework of a self selection model. Pension choice is 1 if the firm sponsors a defined benefit plan and 0 otherwise. Pension size is measured by the projected benefit obligation and it is normalized by consolidated assets. ASSETS are consolidated book assets. MB is the ratio between total debt plus market equity and book assets. ROA is the operating income before depreciation divided by book assets. ROA VOL is the standard deviation of the historical operating income based on the prior 10 years. COLLATERAL is net PPE divided by book assets. ZSCORE is defined as 3.3*Pre-Tax Income + Sales +1.4*Retained earnings +1.2*(current assets-current liabilities) / Book assets. OENEG is a dummy equal to 1 if book equity is negative. IND MED LEV is the industry median book leverage. Industry is defined at the 4 digit SIC level. UNIONIZATION is the percentage of employed workers in an industry represented by a union as reported in the Current Population Survey of the Department of Labor. TENURE is the median employee tenure by industry. PLAN AGE is equal to the number of years the defined benefit plans' assets and liabilities are reported in the footnotes of the annual reports. Robust t-statistics are reported in parenthesis. We use ***, **, * to denote significance at the 0.1%, 1% and 5% levels.
Pension choice
Pension size (1) 5.18*** Table 6 The relationship between pension liabilities and financial debt Regression estimates for consolidated book leverage. The first column presents the parameter estimates of the two-step treatment effects model. The t-statistics reported in parentheses are calculated based on bootstrapped standard errors. The second column presents parameter estimates from a pooled OLS regression. Robust t-statistics are reported in parenthesis. The third column presents parameter estimates from a pooled OLS regression with firm fixed effects. The t-statistics reported in parenthesis are robust to heteroskedasticity and within firm serial correlation. AR(1) is the estimated first order serial correlation coefficient. DBP is set to 1 if the firm sponsors a defined benefit plan and 0 otherwise. In the treatment effects model specification, PENSION is the predicted pension size. In the pooled OLS and Firm FE specifications, PENSION is the projected benefit obligation normalized by consolidated assets. ASSETS are consolidated book assets. MB is the ratio between total debt plus market equity, and book assets. MTR NONE is the simulated marginal tax rate before any interest or pension contributions are deducted. ROA VOL is the standard deviation of the historical operating income based on the 10 prior years. COLLATERAL is net PPE divided by book assets. ZSCORE is defined as 3.3*Pre-Tax Income + Sales +1.4*Retained earnings +1.2*(current assets-current liabilities) / Book assets. OENEG is a dummy equal to 1 if the book equity is negative. IND MED LEV is the industry median book leverage. Industry is defined at the 4 digit SIC level. We use ***, **, * to denote significance at the 0.1%, 1% and 5% levels. Table 7 Variance decompositions This table presents the variance decomposition for different specifications of consolidated book leverage for our sample of pension sponsors. The adjusted R 2 is presented on the bottom row. The methodology follows Lemmon, Roberts and Zender (2008) and calculates the type III partial sum of squares for each effect in the model and then normalizes each estimate by the sum across effects. FIRM FE, YEAR FE and IND FE are firm fixed effects, year fixed effects, and industry fixed effects respectively. Industry is defined at the 4 digit SIC level. Consolidated book leverage has been defined in the text. PENSION is the projected benefit obligation. MTR NONE is the marginal tax rate before interest and pension contributions. MB is the ratio between total debt plus market equity, and book assets. ZSCORE is defined as 3.3*Pre-Tax Income + Sales +1.4*Retained earnings +1.2*(current assets-current liabilities) / Book assets. COLLATERAL is net PPE to book assets. OENEG is a dummy equal to 1 if the book equity is negative. ASSETS are book assets. ROA VOL is the standard deviation of the historical operating income, based on the prior 10 years. IND MED LEV is the industry median book leverage.
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